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IMAGE DISPLAY MEDUMAND IMAGE 
WRITING DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Technical Field 
0002 The present invention relates to an image display 
medium in which colored particles are driven by electric 
fields for implementing repeatedly rewritable display, and to 
an image writing device that utilizes the image display 
medium. 

0003 2. Description of the Related Art 
0004. Heretofore, repeatedly rewritable image display 
mediums with excellent Storage of a displayed image have 
been proposed. For example, a twisting ball display (display 
by rotation of particles that are portionally coated with two 
Separate colors), magnetophoresis-type display mediums, 
thermal rewritable display mediums, liquid crystals having 
memory, and the like have been Suggested thereas. 
0005. However, these image display mediums have prob 
lems in that they are unable to display white as ordinary 
paper does and image contrast is low. 
0006 Image display mediums that utilize two kinds of 
colored particles having different colors have been proposed 
as image display mediums for Solving the problem men 
tioned above. For example, an image display medium 
described in Japan Hardcopy 99 Papers, pp. 249-252 and 
Japan Hardcopy 99 Fall Proceedings, pp. 10-13, is struc 
tured with a transparent display Substrate, a back Substrate 
which opposes the display Substrate with a very Small gap 
therebetween, and electro-conductive black toner and insu 
lative white toner enclosed between the Substrates. Elec 
trodes are formed at the display Substrate and the rear 
Substrate, and an inner face of each electrode is coated with 
a charge transport material which transports charge carriers 
of only one polarity (for example, positive holes). When an 
electric field is applied between these Substrates, the positive 
holes are injected only to the electro-conductive black toner, 
and the black toner is positively charged. Thus, the black 
toner pushes between the white particles in response to the 
electric field formed between the Substrates, and moves 
between the Substrates. Black display is implemented when 
the black toner is moved to the display Substrate Side, and 
white display is implemented by the white particles when 
the black toner is moved to the back Substrate side. 

0007 A further image display medium described in Japa 
nese Patent Application Laid-Open No. 2001-33833 is struc 
tured with opposing SubstrateS provided with an electro 
conductive layer or a commutative layer, at least a display 
face Side being transparent, and two kinds of colored par 
ticles, which have mutually different colors and are not 
affected by charges of the same polarity, enclosed between 
the Substrates. In this image display medium, charge transfer 
from the electro-conductive layerS or commutative layers to 
the colored particles is implemented, colored particles to 
which charge has been donated are moved by operation of 
an electric field, and an arbitrary kind of the colored particles 
is adhered to the display Substrate. Thus, image display is 
implemented. 

0008. A still further image display medium described in 
Japanese Patent Application Laid-Open No. 2001-312225 is 
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Structured with a transparent display Substrate, a back Sub 
Strate which opposes the display Substrate with a very Small 
gap therebetween, and two kinds of particle groups, which 
have different colors and charge polarities, enclosed between 
the Substrates. The two kinds of particle groups are charged 
with mutually opposite polarities. When Voltage is applied 
between the Substrates, the particle groups move to different 
Substrate Sides from one another. Image display is imple 
mented by applying Voltage between the Substrates in accor 
dance with image information, and adhering arbitrary kinds 
of the colored particles to the display Substrate. 

0009. A yet further image display medium described in 
Japanese Patent Application Laid-Open No. 2001-242492 is 
Structured with a pair of Substrates, at least a display Surface 
Side of which is transparent, a highly insulative uncolored 
dispersion medium enclosed between the Substrates, and at 
least two kinds of electrophoretic fine particles, which have 
mutually different electrophoresis characteristics, enclosed 
between the Substrates. The two different kinds of electro 
phoretic fine particles are composed of on the one hand 
white particles and on the other hand colored particles 
having a different color tone from the white particles. The 
two kinds of particles are charged to mutually opposite 
polarities. When Voltage is applied between the Substrates, 
the two kinds of particles move to different substrate sides 
from one another. Image display is implemented by applying 
Voltage between the Substrates in accordance with image 
information, and adhering arbitrary kinds of the colored 
particles to the display Substrate. 

0010. In these image display mediums, images are dis 
played by adhering either one of two kinds of colored 
particles at a transparent display Substrate face in accordance 
with image information. By using colored particles with 
high light Suppression characteristics, image display with 
high clarity of contrast can be implemented by the two kinds 
of particles having different colors. 

0011. In order to implement multi-color display with an 
image displaying medium that employs two kinds of colored 
particles having different colors, first, there is a type of 
display for displaying multi-color images in which color 
filters are formed at a display substrate. When a color filter 
has been formed at a display Substrate, a mixed color of a 
color of particles that are adhered at an inner face of the 
display Substrate and the color of the color filter is displayed. 
For example, if white particles and black particles are 
employed, then the color of the color filter is displayed when 
the white particles are adhered at the display Substrate, and 
black display is implemented when the black particles are 
adhered thereat. AS Such color filters, for example, R, G and 
B filters may be employed, and a Single color pixel can be 
Structured by three or more neighboring pixels of red, green, 
and blue. The black and white particles are moved in 
accordance with image Signals, and reflection of R, G and B 
light is controlled. Thus, arbitrary colors can be displayed. 

0012. A method in which a cell structure is divided up by 
a Spacer between a display Substrate and a back Substrate, 
colored particles having different colors are enclosed in the 
respective cells, and a single color is expressed by a number 
of neighboring cells has been offered as another method. For 
example, there is a case in which three kinds of particle 
combinations, that is, black particles and red particles, black 
particles and green particles, and black particles and blue 
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particles, are enclosed in respective cells in a regular man 
ner, and a Single color pixel is expressed by three neighbor 
ing cells of red, green and blue. The black particles and the 
red, green and blue particles are moved in accordance with 
image Signals, and reflection of R, G and B light can be 
controlled to display freely Selected colors. 
0013 However, because in these methods a single color 
pixel is expressed by a plurality of pixels which control light 
reflection of each of red, green and blue, resolution of a 
displayed image is reduced. In particular, a deterioration of 
text quality is remarkable. To maintain resolution for text 
display, it is necessary to produce display mediums of higher 
resolution, but higher costs for driving circuits and increases 
in production costs are unavoidable. 
0.014 Furthermore, in the multi-color display methods 
described above, white display is affected by a grayish tone, 
and whiteness of the display, which is a major feature for 
image display mediums that employ colored particles, is 
lost. Moreover, because a color is displayed by the color of 
a Selection of red, green and blue juxtaposed in a color pixel, 
the multi-color display is dark Overall. This is acceptable in 
an environment in which the Surroundings are bright, but in 
an environment in which the Surroundings are dark, there is 
a problem in that a deterioration of display quality of the 
multi-color display image is remarkable. 
0.015. In the multi-color display methods described 
above, a deterioration in text quality due to a reduction of 
resolution, a reduction in white display quality or black 
display quality, a reduction in display quality of multi-color 
images in an environment in which the Surroundings are 
dark, and the like are fundamental problems that cannot be 
ameliorated even if the color structure of color filters, the 
color combinations of the enclosed colored particles and the 
like are changed. 

SUMMARY OF THE INVENTION 

0016. The present invention has been devised in consid 
eration of the circumstances described above, and one object 
of the present invention is to provide an image display 
medium and image writing device which can implement 
multi-color display with a small number of kinds of particle 
groups, and which can avoid a reduction in image resolution. 
0.017. A first aspect of the present invention for solving 
the aforementioned problems is an image display medium. 
This image display medium includes: a display Substrate 
which is at least translucent; a back Substrate opposing the 
display Substrate with a gap therebetween; and at least one 
kind of particle group differing in color from the back 
Substrate and being Sealed between the Substrates So as to be 
movable between a plurality of divisions, into which plu 
rality of divisions inter-Substrate Space between the display 
Substrate and the back Substrate is divided, in accordance 
with electric fields formed by voltages applied between the 
Substrates at the respective divisions. 
0.018. According to this invention, the particle group 
whose color is different from the color of the back Substrate 
is enclosed between the Substrates. In addition, the particle 
group is divided between the plurality of divisions in a 
direction (or directions) parallel to a face of the Substrates in 
the inter-Substrate Space. The particles are enclosed So as to 
be movable between the plurality of divisions in response to 
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electric fields that are formed by the applied Voltages when 
the Voltages are applied to the individual divisions between 
the Substrates. That is, the particle group is enclosed Such 
that, as well as being able to move between the display 
Substrate and the back Substrate, the particle group is move 
able in the direction parallel to the Substrate face. 
0019. Thus, because the color of the back Substrate is 
different from the color of the particle group, it is possible 
to display many colors with a Small number of kinds of 
particles by moving the particles in the direction parallel to 
the display Substrate face Such that the back Substrate is 
observable from the display substrate side. The color of a 
material of the back substrate itself may be different from the 
color of the particle group, or the Surface of at least a side 
of the back Substrate that opposes the display Substrate may 
be colored, with this color being different from the color of 
the particle group. Further, it is Sufficient if there is only one 
kind of particle group. In a case in which only one kind of 
particle group is used, it is possible to implement two-color 
display by combination with the color of the back Substrate. 
0020. To move the particles to the display Substrate side 
or the back Substrate Side in accordance with image infor 
mation, dc Voltage or alternating Voltage may be applied So 
as to form a dc electric field or an ac electric field, for a first 
predetermined number of cycles (one or more cycles), 
between the display Substrate and the back Substrate at a 
position at which movement of the particles is desired. 
Consequently, the particle groups are moved in a direction 
orthogonal to the display Substrate Surface. As a result, the 
particles move to the display Substrate side or the back 
Substrate Side in accordance with the image information. 
When display at the display substrate side (exposure) of the 
Surface of the back Substrate is desired in accordance with 
the image information, alternating Voltage may be applied So 
as to form an ac electric field for a Second predetermined 
number of cycles (a large number of cycles), which is higher 
than the first predetermined number of cycles, between the 
display Substrate and the back Substrate at a position at 
which display of the back Substrate is desired. Consequently, 
the particles are moved in the direction parallel to the display 
Substrate face. As a result, the particles at the position at 
which display of the back substrate is desired move to a 
periphery of that position, and it is possible to display the 
color of the back Substrate. 

0021. In an image display medium according to the first 
aspect of the present invention, a plurality of kinds of 
particle group which differ in color and charge characteris 
tics may be used as the particle group. As a result, it is 
possible to display a greater number of colors. For example, 
the plurality of kinds of particle group may be a white 
particle group and a black particle group. Consequently, a 
black-and-white display with high contrast can be imple 
mented, and other colors can be displayed using the color of 
the back Substrate. Furthermore, when implementing mono 
chrome display, because the color of the back Substrate is 
irrelevant, the resolution of the monochrome display is not 
reduced. 

0022. A structure may be provided in which, of the 
plurality of divisions, the color of the back substrate at at 
least one of the divisions is different from the color of the 
back Substrate at a neighboring other division. As a result, a 
greater number of colors can be displayed with a Small 
number of kinds of particle. 
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0023. In addition, for example, the back substrate may be 
structured Such that various colors of the divisions of the 
back Substrate include red, green and blue. As a result, a 
multiplicity of colors can be displayed by combining the 
respective colors, by moving particle groups that are present 
at the respective divisions to peripheries thereof in combi 
nations of the colors whose display is desired. Furthermore, 
by choosing black and white particle groups, whiteness of a 
white display will not be adversely affected, and graying of 
a black display can be avoided. 
0024. The back Substrate may be structured such that the 
various colors of the divisions of the back Substrate include 
yellow, magenta and cyan. As a result, image display can be 
made brighter than with red, green and blue, by combining 
the spectral reflection characteristics of yellow, magenta and 
cyan. 

0.025 In such image display mediums, when multi-color 
image display that displays the colors of the back Substrate 
is implemented, the particles are moved from desired loca 
tions to peripheries thereof. However, there may be cases in 
which deviations in distribution of the particles in the image 
display medium occur when multi-color images are dis 
played repeatedly. Such deviations of the particles can be 
made uniform by applying an alternating electric field 
between the Substrates. But in cases where a degree of 
deviation is high, a period of time may be required for this 
uniformization. 

0026. Accordingly, one or more spacers may be further 
provided for partitioning the inter-Substrate space into cells 
that include portions of the plurality of divisions. 

0027. As a result, because the inter-substrate space is 
partitioned into the cells, deviation of the particles is limited 
to within the cells, and uniformization of distribution of the 
colored particles can be carried out in a short time by 
application of an alternating electric field. 
0028. As an image display method for the image display 
medium, there are: a method of writing the whole of a 
display region at the same time, a Scanning-type method for 
implementing image writing which carries out Sequential 
image writing for each of image rows which are lined up in 
a pre-established direction of the image recording medium; 
and the like. However, in the case of Scanning-type image 
Writing, at locations at which the particles are moved aside, 
there may be cases in which the particles are moved back by 
image writing of a Subsequent row. In response thereto, by 
carrying out a plurality of repetitions of image writing, the 
colored particles can be assuredly moved from locations at 
which moving aside is required to locations at which moving 
aside does not occur, and preferable display of a multi-color 
image can be implemented. 

0029. However, because the duration of image writing 
when carrying out a plurality of repetitions of image writing 
is long, portions of the back Substrate that respectively 
correspond to the plurality of divisions may have rectangular 
shapes, with the plurality of divisions being adjacent to one 
another at long Sides thereof, and a Spacer may partition the 
inter-Substrate Space So as to structure the cells in a direction 
interSecting that length direction. In this case, the image 
Writing direction is Set to be the length direction of the 
divisions. As a result, movement of the particles in the image 
Writing direction is restricted by the Spacer. Therefore, even 
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when Scanning-type image writing is carried out, movement 
of the particles to a location from which the particles have 
already been removed, by image writing of a Subsequent row 
of pixels, will not occur. Consequently, Scanning-type image 
Writing can be implemented with a single Scan, and the 
image writing duration can be greatly shortened. In a case in 
which a plurality of rows are to be written at the same time 
in Scanning-type image writing, the cells may be structured 
Such that image writing can be carried out for all of a 
plurality of pixel rows in one of the cells at one time. 
0030) Furthermore, the cells may be structured so as to 
include portions of the plurality of divisions that respec 
tively differ in color of the back Substrate; for example, a 
Structure with narrow cells Such that each cell includes one 
each of divisions that mutually differ in color of the back 
Substrate. As a result, deviation of the particle distributions 
in the image display medium can be further prevented, and 
uniformization of the particle positions can be further short 
ened. In addition, an image writing duration for Scanning 
type image writing can be shortened. 

0031. In the present invention, electrodes for applying 
Voltage may be provided at the display Substrate and the 
back Substrate, for generating the aforementioned electric 
fields. At least electrodes provided at the display Substrate 
are transparent electrodes. When electrodes are provided to 
the image recording medium in this way, a separate image 
Writing device is not required. Furthermore, in Such a case, 
at least one of the display Substrate and the back Substrate 
may have a structure in which the electrode thereof is a 
group of isolated electrodes. 
0032. The electrodes may be pluralities of linear elec 
trodes, and may have a structure in which linear electrodes 
provided at the display Substrate and linear electrodes pro 
Vided at the back Substrate are respectively disposed So as to 
interSect each other. Accordingly, costs of an image writing 
device can be made lower in comparison to a case in which 
isolated electrodes are provided. 
0033. The structure of the image display medium may 
also be Such that the back Substrate is translucent. In Such a 
case, the Structure may be further provided with a back light 
which irradiates light from outside the back substrate toward 
the display Substrate. With this structure, the image can be 
displayed more brightly. 

0034. An image writing device of a second aspect of the 
present invention includes a Voltage application apparatus 
which applies Voltages to the image display medium of the 
first aspect for Selectively generating at least one of dc 
electric fields and ac electric fields in order to move the 
particle group in the inter-Substrate Space at the respective 
divisions. 

0035) Specifically, in order to move the particles to the 
display Substrate Side and/or the back Substrate Side in 
accordance with image information, the Voltage application 
apparatus applies dc voltage and/or alternating Voltage 
between the display Substrate and the back Substrate at 
locations at which movement of the particles is desired, So 
as to form a dc electric field and/or anac electric field for the 
first predetermined number of cycles, in order to move the 
particle group in the direction orthogonal to the display 
Substrate face. Consequently, the particles move to the 
display Substrate Side and/or the back Substrate Side in 
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accordance with the image information. Further, where 
display (exposure) at the display Substrate side of the 
colored Surface of the display back Substrate is desired in 
accordance with the image information, alternating Voltage 
may be applied So as to form an electric field for the Second 
predetermined number of cycles, which is higher than the 
first predetermined number of cycles, in order to move the 
particles that are between the display Substrate and the back 
Substrate at a location at which display of the back Substrate 
is desired in the direction parallel to the display Substrate 
Surface. Consequently, the particles at the location at which 
display of the color of the back Substrate is desired move to 
peripheries thereof, and the color of the back Substrate can 
be displayed. 
0.036 Further, the voltage application apparatus may be 
formed with a plurality of electrodes disposed in a line, and 
may apply Voltage for creating electric fields while moving, 
relative to the image display medium, parallel to the image 
display Surface at an outer Side of the image display Surface. 
In Such a case, the particles can be assuredly moved from 
locations from which the particles are to be removed to 
locations at which the particles are not to be removed by, for 
example, repeating the application of Voltage for a plurality 
of repetitions, and display of an excellent multi-color image 
can be implemented. Moreover, because resolution of the 
image display is determined by resolution of the electrode 
head, it is simple to increase the resolution. 
0037. In a case in which multi-color image display is 
implemented by colors of the particle group and the back 
Substrate, the Voltage application apparatus may perform 
control of application of a first voltage and Subsequently 
application of a Second Voltage. The first voltage is a Voltage 
for forming a dc electric field or an ac electric field, for the 
first predetermined number of cycles, between the Sub 
Strates, in order to move the particle group in the direction 
interSecting the display Substrate face in accordance with 
image information. The Second Voltage is a voltage for 
forming an alternating electric field for the Second prede 
termined number of cycles, which is higher than the first 
predetermined number of cycles, in order to move the 
particle group in the direction parallel to the display Sub 
Strate face in accordance with the image information. 
0038, In, for example, a case in which a multi-color 
image of three or more colorS is to be displayed, control is 
often carried out by applying a dc electric field or an 
alternating electric field for the first predetermined number 
of cycles, which field is capable of moving charged particles 
between the Substrates in accordance with image informa 
tion, to implement image display with two kinds of particles, 
and Subsequently effecting an alternating electric field for 
the Second predetermined number of cycles, which is higher 
than the first predetermined frequency, to display color of 
the back Substrate by moving the particles to peripheries. By 
first implementing image display with the two kinds of 
colored particles and then implementing color display of the 
back Substrate in this manner, display is performed from a 
State, at the time of image display by the two kinds of 
colored particles, in which particle distributions are uniform. 
Therefore, favorable image display with little noise can be 
implemented. Furthermore, because the particles are then 
moved aside at the time of displaying the back Substrate, 
with the two kinds of particles moving at the inside having 
already moved to the display Substrate or the back Substrate, 
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the image that is already displayed by the two kinds of 
particles is not adversely affected, and high quality image 
display can be implemented. 
0039. A structure is also possible that is provided with an 
image erasure apparatus, which erases a display image that 
is displayed at at least one cell by applying alternating 
Voltage to all the divisions that are included at the at least 
one cell. 

0040. In an image display medium of the present inven 
tion, in a State in which a multi-color image is displayed by 
exposure of the back Substrate, the particles are in a State of 
being unevenly distributed between the substrates. When 
display of a Successive image is implemented by moving the 
particles from this State, display noise occurs because of the 
distribution State of the particles. Consequently, when dis 
play of an image is to be implemented by inter-Substrate 
movement of the particles after display of a multi-color 
image, it is preferable to put particles into a State in which 
the particles are evenly distributed in the inter-Substrate 
Space. By effecting an alternating electric field over the 
whole of a display region of the image display medium 
Simultaneously using the image erasure apparatus, the 
unevenly distributed particles can be returned to a State of 
homogeneous distribution. 
0041) If multi-color images are to be successively dis 
played, it is possible to consecutively display the multi-color 
images without returning the colored particles to the State of 
homogeneous distribution between the Substrates, but there 
may be cases in which large deviations in the distribution of 
the colored particles in the image display medium occur as 
the display of multi-color images is repeated. 
0042. Accordingly, when display of multi-color images is 
to be repeated, it is preferable if, at least before image 
display, an alternating field capable of moving the charged 
colored particles at the whole of the display region of the 
image display medium is effected and deviations of the 
colored particles are thus made uniform. Further, a display 
State of the image display medium can be set to a uniform 
display color with freely Selected colored particles in 
advance, by Specifying a final field direction of the alter 
nating electric field such that either one of the two kinds of 
colored particles is brought to the display Substrate Side. 
0043. In a case in which the image display medium is 
partitioned into a plurality of cells by a Spacer, the alternat 
ing electric field may be effected at each of the cell regions 
at the same time. If the alternating electric field is effected 
only at a region divided off by the Spacer, deviation of the 
colored particles of the image display medium can be made 
uniform thereat without moving colored particles outside 
that region. Accordingly, a size of the image erasure appa 
ratus can be miniaturized to about the Size of the cell regions. 
Further, because erasure of a multi-color image can be 
implemented at the individual divided regions, image era 
Sure may be implemented only for cells that require erasure 
of the multicolor image, without unnecessary driving being 
performed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044 FIG. 1 is a sectional view showing structure of an 
image display medium relating to a first embodiment. 
004.5 FIG. 2 is a schematic structural view of the image 
display medium relating to the first embodiment. 
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0.046 FIG. 3 is a sectional view showing structure of an 
electrode head. 

0047 FIG. 4 is a diagram for explaining scanning of the 
electrode head. 

0.048 FIG. 5 is a diagram for explaining movement of 
particles of the image display medium relating to the first 
embodiment. 

0049 FIG. 6 is a diagram for explaining movement of 
particles of the image display medium relating to the first 
embodiment. 

0050 FIG. 7 is a diagram for explaining movement of 
particles of the image display medium relating to the first 
embodiment. 

0051 FIG. 8 is a schematic structural view of an image 
erasure apparatuS. 

0.052 FIG. 9 is a sectional view showing structure of an 
image display medium relating to a Second embodiment. 
0.053 FIG. 10 is a plan view showing the image display 
medium relating to the Second embodiment. 
0.054 FIG. 11 is a schematic structural diagram of an 
image display device relating to the Second embodiment. 
0.055 FIG. 12 is a diagram for explaining movement of 
particles of an image display medium relating to the Second 
embodiment. 

0056 FIG. 13 is a diagram for explaining movement of 
particles of the image display medium relating to the Second 
embodiment. 

0057 FIG. 14 is a diagram for explaining movement of 
particles of the image display medium relating to the Second 
embodiment. 

0.058 FIG. 15 is a sectional view showing structure of an 
image display medium relating to a third embodiment. 
0059 FIG. 16 is a plan view showing the image display 
medium relating to the third embodiment. 
0060 FIG. 17 is a schematic structural view of an image 
display device relating to the third embodiment. 
0061 FIG. 18 is a sectional view showing structure of an 
image display medium relating to a fourth embodiment. 
0.062 FIG. 19 is a plan view showing an image display 
medium relating to a fifth embodiment. 
0.063 FIG. 20 is a plan view showing an image display 
medium relating to a Sixth embodiment. 
0.064 FIG. 21 is a plan view showing an image display 
medium relating to a Seventh embodiment. 
0065 FIG.22 is a sectional view showing structure of an 
image display medium relating to an eighth embodiment. 
0.066 FIG. 23 is a diagram for describing the shape of 
electrodes of the image display medium relating to the 
eighth embodiment. 
0067 FIG. 24 is a schematic structural view of an image 
display device relating to the eighth embodiment. 
0068 FIG.25 is a sectional view showing structure of an 
image display medium relating to a ninth embodiment. 
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0069 FIG. 26 is a schematic structural view of an image 
display device relating to the ninth embodiment. 

0070 FIG.27 is a sectional view showing structure of an 
image display medium relating to a tenth embodiment. 
0071 FIGS. 28A and 28B are diagrams for explaining 
linear electrodes of the image display medium relating to the 
tenth embodiment. 

0072 FIG. 29 is a schematic structural view of an image 
display device relating to the tenth embodiment. 
0073 FIG. 30 is a plan view for explaining an image 
display method of the image display medium relating to the 
tenth embodiment. 

0074 FIG. 31 is a graph showing a relationship between 
applied Voltage and reflection density. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0075) First Embodiment 
0076 Below, details of a first embodiment of the present 
invention will be described with reference to the drawings. 
0077 FIG. 1 shows schematic structure of an image 
display medium 10 relating to the present invention. The 
image display medium 10 is structured with a transparent 
display Substrate 12 at a side which is displayed, a colored 
back Substrate 14 which opposes the display Substrate 12 
with a Small gap therebetween, a spacer 16 between the 
Substrates for constantly maintaining inter-Substrate spacing, 
and white particles 18 and black particles 20 which are 
enclosed (sealed) between the Substrates. The white particles 
18 serve as first colored particles and the black particles 20 
Serve as Second colored particles, and the white particles 18 
and black particles 20 have different electrostatic charge 
characteristics. 

0078 Transparent glass substrates, resin substrates such 
as acryl and the like, and various kinds of transparent films 
can be used as the display Substrate 12 of the image display 
medium 10. In the present embodiment, a transparent poly 
carbonate film with a thickness of 0.05 mm is used. 

0079 The back substrate 14 is structured with a glass 
substrate 22, an ITO electro-conductive layer 24, a white 
reflection layer 26 and a colored layer 28, which are lami 
nated. The back Substrate 14 employs the glass Substrate 22, 
on which the ITO electro-conductive film 24 is formed to a 
thickness of 1.1 mm. The white reflection layer 26, the 
whole face of which is printed with white printing ink, is 
formed on a side of the ITO electro-conductive film 24 
formed on the glass Substrate 22. Thereon, the colored layer 
28, the whole face of which is printed with ink for red color 
filters, is formed. 

0080. It is not required that the glass substrate 22 be 
particularly transparent. An ordinary resin Substrate Such as 
an epoxy Substrate or the like, or a sheet-form plastic 
substrate or the like may be used. Here, the reflectance of the 
white reflection layer 26 is 88%. 

0081. The spacer 16 is applied to the back Substrate 14 in 
the form of a desired pattern by Screen printing a thermo 
Setting epoxy resin, curing the Same by heating, and repeat 
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ing the proceSS until a desired height is achieved. In the 
present embodiment, the height of the Spacer 16 is 0.2 mm. 
0082) Rather than a printing process, the spacer 16 may 
be formed by photo-etching with a dry film-type photoresist 
or the like. Further, the spacer 16 may be formed by adhering 
a thermoplastic film, which is formed in the desired form by 
an injection-compression forming or embossing process, or 
a thermopressing process or the like, to the back Substrate 
14. It is further possible, with an embossing process or a 
thermopressing process, to form the Spacer 16 integrally 
with the back substrate 14. Of course, the spacer 16 may be 
formed at the display Substrate 12 side, and may be formed 
integrally with the display Substrate 12, as long as transpar 
ency is not adversely affected. 
0.083. In the present embodiment, spherical white par 
ticles of titanium oxide-containing croSS-linked polymethyl 
methacrylate with a volume average diameter of 20 um 
(TECHPOLYMER MBX-20-WHITE, produced by Sekisui 
Plastics Co., Ltd.), mixed with a fine powder of isopropyl 
trimethoxysilane-treated titania in a ratio of 100 to 0.1 by 
weight, are employed as the white particles 18. 
0084. As the black particles 20, spherical black particles 
of carbon-containing croSS-linked polymethyl methacrylate 
with a volume average diameter of 20 um (TECHPOLY 
MER MBX-20-BLACK, produced by Sekisui Plastics Co., 
Ltd.), mixed with a fine powder of aminopropyl trimethox 
ysilane-treated AEROSIL A130 in a ratio of 100 to 0.2 by 
weight, are employed. 
0085. The white particles 18 and the black particles 20 
are mixed in a ratio of 2 to 1 by weight. At this time, the 
white particles 18 are negatively charged and the black 
particles 20 are positively charged. Although the white 
particles 18 and the black particles 20 are employed in the 
present embodiment, colored particles of arbitrary colors in 
a combination other than white and black may be employed, 
as long as the two kinds of colored particles have different 
electroStatic charge characteristics. 
0.086 The mixed particles of the white particles 18 and 
the black particles 20 are uniformly shaken down through a 
Screen mesh onto the back Substrate 14 on which the Spacer 
16 has been formed, in a proportion of about 4 mg/cm. 
Then, the display substrate 12 is Superposed with the back 
substrate 14 to which the colored particles have been 
applied, the two Substrates are adhered with a UV-setting 
type adhesive, and the image display medium 10 is formed. 
At this time, an overall volume ratio of the white particles 
18 and the black particles 20 with respect to volume of the 
space between the Substrates is about 12%. 
0.087 FIG.2 shows general structure of an image display 
device 30 which utilizes the image display medium 10. The 
image display device 30 is structured with the image display 
medium 10, an electrode head 32, and a Voltage application 
Section36. The electrode head 32 Serves as an image writing 
apparatus which Selectively forms dc electric fields and/or 
alternating electric fields between the Substrates of the image 
display medium 10. The voltage application section 36 
Selectively applies dc voltage or ac Voltage to the electrode 
head 32 in accordance with image information inputted from 
an external image input apparatus 34 Such as a computer or 
the like. The electrode head 32 and the Voltage application 
Section 36 correspond to a Voltage application apparatus of 
the present invention. 
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0088. In the present embodiment, an electrode head at 
which a plurality of isolated electrodes 38, to which voltages 
can be applied Separately, are regularly disposed is utilized 
as the electrode head 32, as shown in FIG. 3. More 
specifically, an electrode head at which 4800.35 mm by 0.35 
mm Square electrodes are disposed in a single row at a pitch 
of 0.4 mm is employed. 
0089. The voltage application section 36 applies voltages 
between the isolated electrodes 38 of the electrode head 32 
and the ITO electro-conductive film 24 of the back Substrate 
14. A Substrate in which the ITO electro-conductive film 24 
is not provided at the back substrate 14 could be employed, 
with an electrode being disposed behind the back substrate 
14 to oppose the electrode head 32. 
0090 The electrode head 32 is driven along the display 
substrate side of the image display medium 10 in the 
direction of an arrow Aby an unillustrated driving apparatus, 
as shown in FIGS. 2 and 4, while applying voltages 
between the Substrates in accordance with the image infor 
mation from the Voltage application Section36. Accordingly, 
an image is formed at the whole of the image display 
medium 10 in accordance with the image information input 
ted from the image input apparatus 34. Alternatively, the 
electrode head 32 may be fixed with the image display 
medium 10 being moved, or both thereof may be relatively 
moved. 

0091 Next, an image display process of the image dis 
play medium 10 will be described. 
0092 FIG. 5 shows an enlarged view of a portion of the 
image display medium 10 and the electrode head 32, in a 
white display state in which the white particles 18 are 
adhered to the display substrate 12. 
0093 Firstly, isolated electrodes 38A and 38C of the 
electrode head 32 are connected to ground, and a pulse 
Voltage of, for example, -200 V, is applied to an isolated 
electrode 38B. Consequently, a potential difference is gen 
erated only between the isolated electrode 38B and the 
opposing back substrate 14. Therefore, as shown in FIG. 6, 
at a region facing the isolated electrode 38B of the image 
display medium 10, the negatively charged white particles 
18 move toward the back substrate 14 side, and the posi 
tively charged black particles 20 move toward the display 
Substrate 12 Side. Thus, display of a high contrast black dot 
at the white display face can be implemented. 

0094. From the display state shown in FIG. 6, a pulse 
voltage of, for example, +200 V is applied to the isolated 
electrode 38B, and at this time the positively charged black 
particles 20 move toward the back Substrate 14 side and the 
negatively charged white particles 18 move toward the 
display Substrate 12 side. Thus, the image display medium 
10 returns to the white display state shown in FIG. 5. 
0095. In the same way, by applying pulse voltages of, for 
example, +200 V and -200 V arbitrarily to the isolated 
electrodes 38 in accordance with the image information, a 
high contrast monochrome image display can be imple 
mented. It is Sufficient that the applied Voltages are Voltages 
of a magnitude capable of moving the particles by generat 
ing potential differences between the Substrates. 
0096) Next, for example, the isolated electrodes 38A and 
38C of the electrode head 32 are connected to ground, and 
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an alternating pulse voltage of +200 V at a frequency of 200 
HZ is applied to the isolated electrode 38B. Consequently, 
the white particles 18 and the black particles 20 in the region 
facing the isolated electrode 38B move reciprocatingly 
between the Substrates due to an alternating electric field 
formed between the substrates by the isolated electrode 38B. 
At this time, the particles move So as to spread in directions 
of the isolated electrodes 38A and 38C due to edge fields 
formed between the isolated electrodes 38A and 38B and 
between the isolated electrodes 38B and 38C. In addition, 
when the white particles 18 and the black particles 20 move 
reciprocatingly between the Substrates, the white particles 
18 and black particles 20 are scatteringly moved in the 
directions of the isolated electrodes 38A and 38C due to the 
occurrence of collisions between the particles. 
0097 As a result, the white particles 18 and black par 
ticles 20 that were present in the region facing the isolated 
electrode 38B move to regions facing the isolated electrodes 
38A and 38C, at which the voltage is not applied, as shown 
in FIG 7. 

0.098 As a result, the colored layer 28 formed at the back 
substrate 14 is shown at the display substrate 12 side, and 
thus a red color can be favorably observed. 
0099. In the same way, by arbitrarily applying alternating 
pulse voltages of +200 V at 200 Hz frequency to the isolated 
electrodes 38 in accordance with the image information, a 
red image can be displayed in addition to the aforemen 
tioned high contrast monochrome display. Thus, a multi 
color (three color) image display can be implemented. 
0100. In a case in which pixels arranged in the scanning 
direction of the electrode head 32, shown by the arrow in 
FIG. 4, are Successively displayed in a multi-color display, 
particles may be moved back, by image writing of Subse 
quent pixels, to pixels from which particles have already 
been moved aside, and display quality of the multi-color 
display image may deteriorate. Such a case can be amelio 
rated by carrying out writing by Scanning the electrode head 
32 for a plurality of repetitions. As a result of this, particles 
can be Satisfactorily moved, by the plurality of repetitions of 
image writing by Scanning of the electrode head 32, from 
pixels from which particles are to be moved aside to pixels 
from which particles are not to be moved aside. 
0101 Next, a method for erasing a multi-color display 
image will be described. 
0102) As shown in FIG. 7, in a multi-color display state, 
the particles are unevenly distributed between the Substrates. 
It is not possible to implement display of a monochrome 
image in the manner shown in FIG. 6 directly from this 
State. 

0103) Therefore, when a monochrome image display is to 
be implemented Subsequent to a multi-color image display, 
first, it is necessary to return from the state shown in FIG. 
7 to the state shown in FIG. 5 (a state in which the particles 
are uniformly distributed between the substrates). For this, it 
is Sufficient to form an alternating electric field over the 
whole of a display region of the image display medium 10 
at the same time. However, in the present embodiment, 
because the linear electrode head 32 in which the electrodes 
are arranged in a single row as shown in FIG. 3 is used, it 
is not possible to effect an alternating electric field over the 
whole display region of the image display medium 10 at the 
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Same time. Accordingly, in Such a case, image erasure is 
implemented by a separately provided image erasure appa 
ratus 40, shown in FIG. 8, which effects an alternating 
electric field at the whole face of the image display Simul 
taneously. 

0104 Obviously, if the image writing device is capable of 
effecting an alternating electric field at the whole face of the 
display region simultaneously, then the image writing device 
can be dually used as an image erasure apparatus. 

0105 FIG. 8 shows an example of an image erasure 
apparatus. The image erasure apparatus 40 is provided with 
an erasure electrode 42 corresponding to the whole display 
region of the image display medium 10. An alternating pulse 
Voltage is applied thereto by the Voltage application Section 
36. The Voltage application Section 36 applies Voltage 
between the erasure electrode 42 of the image erasure 
apparatus 40 and the ITO electro-conductive film 24 of the 
back Substrate 14 in order to erase the image. In a case in 
which a substrate is employed in which the ITO electro 
conductive film 24 is not included at the back Substrate 14, 
a facing electrode, corresponding with the erasure electrode 
42, may be disposed behind the back Substrate 14. 
0106 To the image display medium 10 in the multi-color 
display State shown in FIG. 8, the image erasure apparatus 
40 applies an alternating pulse voltage of +200 V at 200 Hz 
frequency to the erasure electrode 42. Consequently, the 
image display medium 10 can be returned to the display State 
shown in FIG. 5 in which the white particles 18 and the 
black particles 20 are uniformly distributed between the 
Substrates. This is due to the particles being Scatteringly 
moved by the occurrence of collisions therebetween and the 
like when the white particles 18 and the black particles 20 
are reciprocatingly moved by an alternating electric field 
formed between the Substrates of the image display medium 
10. 

0107 By setting a final pulse voltage of the alternating 
pulse Voltage applied at the time of erasure of the multi-color 
display image to +200 V, the white display state, in which 
the white particles 18 have all moved toward the display 
Substrate 12, can be specified for after image erasure. By 
Setting the final pulse Voltage to -200 V, a black display 
state, in which the black particles 20 have all moved toward 
the display Substrate 12, can be formed. 
0108) Next, taking the uniform white display state shown 
in FIG. 5 as an initial display State, an alternating pulse 
voltage of +200 V at 200 Hz frequency can be applied to the 
isolated electrode 38B of the electrode head 32 for various 
numbers of cycles. The final pulse Voltage of this alternating 
pulse voltage is set to be -200 V. Up to a small number of 
cycles, a favorable black display is implemented. AS the 
number of cycles is increased further however, density of the 
black display gradually falls. If the number of cycles goes 
beyond 20 cycles, the particles are almost entirely elimi 
nated and an excellent red color is displayed. 
0109 Thus, in the present embodiment, by dc electric 
fields and/or alternating electric fields for a few cycles being 
effected between the Substrates from outside the image 
display medium 10 in accordance with image information, a 
high contrast display image can be provided by two kinds of 
particles, in the same manner as in conventional image 
display mediums. 
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0110. Further, by applying alternating electric fields 
between the Substrates for large number of cycles in accor 
dance with image information, the two kinds of colored 
particles can be moved from freely Selected locations 
between the Substrates to peripheries thereof, and the color 
of the back Substrate, which is colored a desired color, can 
be displayed. Therefore, a multi-color display is possible. In 
other words, a three color display can be implemented with 
two kinds of particles having different colors. Here, a loSS of 
resolution when a black-and-white image and a red image 
are displayed together does not occur. 
0111 Further again, by effecting an alternating electric 
field at the whole of the display region of the image display 
medium 10, deviations of particle distribution can be uni 
formized, and the display State of the image display medium 
10 can be simultaneously set to a homogeneous display 
color with freely Selected particles. 
0112 Second Embodiment 
0113. Next, a second embodiment of the present inven 
tion will be described. Parts that are the same as in the 
embodiment described above are given the Same reference 
numerals, and detailed descriptions thereof are omitted. 
0114 FIG. 9 shows general structure of an image display 
medium 50 relating to the present embodiment. The image 
display medium 50 is structured with the transparent display 
substrate 12, a colored back Substrate 52, the spacer 16, and 
the white particles 18 and the black particles 20. The display 
Substrate 12 is provided at a Side at which an image is 
displayed. The back Substrate 52 opposes the display Sub 
Strate 12 with a Small gap therebetween. The Spacer 16, 
which is for fixedly maintaining inter-Substrate Spacing, and 
the white particles 18 and the black particles 20, whose 
charge characteristics are different, are enclosed between the 
display Substrate 12 and the back Substrate 52. 
0115 The back Substrate 52 is structured with the glass 
substrate 22, the ITO electro-conductive layer 24, the white 
reflection layer 26 and a colored layer 54, which are lami 
nated. The back Substrate 52 employs the glass Substrate 22, 
on which the ITO electro-conductive film 24 is formed with 
a thickness of 1.1 mm. The white reflection layer 26, the 
whole face of which is printed with white printing ink, is 
formed on a side of the ITO electro-conductive film 24 
formed on the glass Substrate 22. Thereon, the colored layer 
54, which is printed with regularly arranged Stripe shapes 
(longitudinal shapes) with inks for red, green and blue color 
filters as shown in FIG. 10 (colored layers 54R, 54G and 
54B), is formed. In this embodiment, the width of the stripes 
of each color is Set to 0.4 mm, and the Stripes are arranged 
in a repeating Sequence of red, green, blue. Here, the 
reflectance of the white reflection layer 26 is 88%. 
0116 Inter-substrate regions over the colored layers 54R, 
54G and 54B respectively correspond to divisions of the 
present invention. 
0117 FIG. 11 shows general structure of an image dis 
play device 56 which utilizes the image display medium 50. 
The image display device 56 is structured with the image 
display medium 50, the voltage application section 36 and 
the electrode head 32. 

0118. The electrode head 32 is the same as the electrode 
head 32 used in the first embodiment. As shown in FIG. 3, 
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the electrode head at which the 480 isolated electrodes 38, 
to which Voltages can be applied Separately, are disposed in 
a single row at a pitch of 0.4 mm is utilized as the electrode 
head 32. The size of the isolated electrodes 38 is 0.35 mm 
by 0.35 mm. In this structure, in order to form an image over 
the whole face of the image display medium 50, the elec 
trode head 32 is Scanned along the display face of the image 
display medium 50 in the same manner as shown in FIG. 4. 
In the present embodiment too, the Voltage application 
section 36 applies voltage between the isolated electrodes 38 
of the electrode head 32 and the ITO electro-conductive film 
24 of the back Substrate 52. 

0119) Next, an image display process of the image dis 
play medium 50 will be described. First, the isolated elec 
trodes 38A and 38C of the electrode head 32 are connected 
to ground, and a pulse Voltage of, for example, -200 V, is 
applied to the isolated electrode 38B. As a result, excellent 
black display can be implemented at a region facing the 
isolated electrode 38B of the image display medium 50, as 
shown in FIG. 12. Further, if a pulse voltage of +200 V is 
applied to the isolated electrode 38B, the image display 
medium 50 can return from the display state shown in FIG. 
12 to the white display state shown in FIG. 11. 
0120 In this way, high contrast monochrome image 
display can be implemented by applying pulse Voltages of 
+200 V or -200 V to the isolated electrodes 38 arbitrarily in 
accordance with image information. 

0121 Next, the isolated electrodes 38A and 38C of the 
electrode head 32 are connected to ground, and an alternat 
ing pulse voltage of +200 V at 200 Hz frequency is applied 
to the isolated electrode 38B. Consequently, the white 
particles 18 and the black particles 20 are almost entirely 
eliminated from a region of the image display medium 50 
that faces the isolated electrode 38B, as shown in FIG. 13. 
Thus, the colored layer 54G formed at the back substrate 14 
is shown at the display Substrate 12 Side, and a green color 
can be favorably observed. 

0122) In the same way, if the isolated electrodes 38B and 
38C are connected to ground and the alternating pulse 
voltage of +200 V at 200 Hz frequency is applied to the 
isolated electrode 38A, the red color of the colored layer 
54R formed at the back Substrate 52 can be displayed at the 
display Substrate 12 Side, and if the alternating pulse Voltage 
is applied to the isolated electrode 38C, the blue color of the 
colored layer 54B can be displayed at the display substrate 
12 side. 

0123. Further, if the isolated electrode 38C of the elec 
trode head 32 is connected to ground, and the alternating 
pulse Voltage is applied to the isolated electrodes 38A and 
38B, then the white particles 18 and black particles 20 will 
be almost entirely eliminated from a region of the image 
display medium 50 that faces the isolated electrodes 38A 
and 38B, as shown in FIG. 14. Thus, the colored layers 54R 
and 54G formed at the back substrate 52 can be satisfactorily 
observed and, by combination of reflected lights from the 
colored layers 54R and 54G, yellow can be displayed. 
0.124. Further still, if the alternating pulse voltage is 
applied to the isolated electrodes 38B and 38C, then, by 
combination of lights reflected by the colored layer 54G and 
the colored layer 54B, cyan can be displayed. In the same 
way, if the alternating pulse Voltage is applied to the isolated 
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electrodes 38A and 38C, then, by combination of lights 
reflected by the colored layer 54R and the colored layer 54B, 
magenta can be displayed. 

0.125 Erasure of a multi-color display image can be 
implemented using the image erasure apparatus 40 in the 
Same way as in the first embodiment. If multi-color displayS 
are to be Successively implemented, display of a Succeeding 
multi-color image may be implemented from a multi-color 
display state, such as those shown in FIGS. 13 and 14, 
without returning to the white display state shown in FIG. 
11 or a black display State. 
0.126 Thus, in the present embodiment, by dc electric 
fields and/or low cycle number alternating electric fields 
being effected between the Substrates from outside the image 
display medium 50 in accordance with image information, a 
high contrast display image can be provided by two kinds of 
colored particles, in the same manner as in conventional 
image display mediums. Here, loSS of resolution when a 
monochrome image is displayed does not occur, and thus is 
not particularly problematic. 

0127. Further, by moving the two kinds of colored par 
ticles from freely Selected regions of the regularly colored 
red, green and blue regions at the back Substrate 52 to 
peripheries thereof in accordance with multi-color image 
information, the colors of the freely Selected regions colored 
red, green and blue at the back Substrate 52 can be displayed. 
Moreover, by expressing individual color pixels by combi 
nations of the regularly disposed red, green and blue, 
arbitrary colors can be displayed. In other words, pixels of 
numerous colors can be displayed with two kinds of differ 
ently colored particles. 

0128. In the present embodiment, because white display 
is implemented by the white particles 18, whiteness of the 
white display is not Subject to flaws, and because black 
display is implemented by the black particles 20, the black 
display will not become gray. 

0129. Third Embodiment 
0130 Next, a third embodiment of the present invention 
will be described. Parts that are the same as in the embodi 
ments described above are given the same reference numer 
als, and detailed descriptions thereof are omitted. 
0131 FIG. 15 shows general structure of an image 
display medium 60 relating to the present embodiment. The 
image display medium 60 is Structured with the transparent 
display Substrate 12, a colored back Substrate 62, the Spacer 
16, and the white particles 18 and the black particles 20. The 
display Substrate 12 is provided at a Side at which an image 
is displayed. The back Substrate 62 opposes the display 
Substrate 12 with a Small gap therebetween. The Spacer 16, 
which is for fixedly maintaining inter-Substrate Spacing, and 
the white particles 18 and the black particles 20, whose 
charge characteristics are different, are enclosed between the 
display Substrate 12 and the back Substrate 62. 
0132) The back Substrate 62 is structured with the glass 
substrate 22, the ITO electro-conductive layer 24, the white 
reflection layer 26 and a colored layer 64, which are lami 
nated. The back Substrate 62 employs the glass Substrate 22, 
on which the ITO electro-conductive film 24 is formed with 
a thickness of 1.1 mm. The white reflection layer 26, the 
whole face of which is printed with white printing ink, is 
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formed on a side of the ITO electro-conductive film 24 
formed on the glass Substrate 22. Thereon, the colored layer 
64, which is printed with regularly arranged Stripe shapes 
withinks for yellow, magenta and cyan color filters, to Serve 
as a plurality of divisions as shown in FIG. 16 (colored 
layers 64Y, 64M and 64C), is formed. In the present embodi 
ment, the width of the stripes of each color is set to 0.4 mm, 
and the Stripes are arranged in a repeating Sequence of 
yellow, magenta, cyan. Here, the reflectance of the white 
reflection layer 26 is 88%. 
0.133 FIG. 17 shows general structure of an image 
display device 66 which utilizes the image display medium 
60. The image display device 66 is structured with the image 
display medium 60, the Voltage application Section 36 and 
the electrode head 32. 

0134) The electrode head 32 is the same as the electrode 
head 32 used in the first embodiment. As shown in FIG. 3, 
the electrode head at which the 480 isolated electrodes 38, 
to which Voltages can be applied Separately, are disposed in 
a single row at a pitch of 0.4 mm is utilized as the electrode 
head 32. The size of the isolated electrodes 38 is 0.35 mm 
by 0.35 mm. In order to form an image over the whole face 
of the image display medium 60, the electrode head 32 is 
Scanned along the display face of the image display medium 
60 in the same manner as shown in FIG. 4. In the present 
embodiment too, the Voltage application Section 36 applies 
voltage between the isolated electrodes 38 of the electrode 
head 32 and the ITO electro-conductive film 24 of the back 
Substrate 62. 

0135) Next, an image display process of the image dis 
play medium 60 will be described. In the same way as in the 
Second embodiment, a high contrast monochrome display 
can be implemented by applying pulse Voltages of +200 V 
and -200 V to the isolated electrodes 38 arbitrarily in 
accordance with image information. In addition, by applying 
alternating pulse voltages of +200 V at 200 Hz frequency to 
freely selected isolated electrodes 38 of the electrode head 
32, and connecting others of the isolated electrodes 38 to 
ground, the white particles 18 and black particles 20 at 
regions at which alternating pulse electric fields are effected 
can be moved to regions at which the alternating pulse 
electric fields are not effected, in the same way as in the 
second embodiment. Thus, the colors of the colored layer 64 
formed at the back Substrate 62 can be excellently displayed. 
0.136 For example, if the alternating pulse voltage is 
applied to the isolated electrode 38A, then the yellow color 
of the colored layer 64Y formed at the back Substrate 62 can 
be displayed, if the alternating pulse Voltage is applied to the 
isolated electrode 38B, then the magenta color of the colored 
layer 64M can be displayed, and if the alternating pulse 
voltage is applied to the isolated electrode 38C, then the 
cyan color of the colored layer 64C can be displayed. 
0.137 Further, if the alternating pulse voltage is applied to 
the isolated electrode 38A and the isolated electrode 38B, 
then the colored layers 64Y and 64M formed at the back 
substrate 62 can be satisfactorily observed and, by combi 
nation of reflected lights from the colored layer 64Y and the 
colored layer 64M, red can be displayed. In the same way, 
if the alternating pulse Voltage is applied to the isolated 
electrodes 38B and 38C, then, by combination of lights 
reflected by the colored layer 64M and the colored layer 
64C, blue can be displayed, and if the alternating pulse 
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voltage is applied to the isolated electrodes 38A and 38C, 
then, by combination of lights reflected by the colored layer 
64Y and the colored layer 64C, green can be displayed. 
0138 Erasure of a multi-color display image can be 
implemented using the image erasure apparatus 40 in the 
Same way as in the first embodiment. If multi-color displayS 
are to be Successively implemented, display of a Succeeding 
multi-color image may be implemented without returning to 
the white display State or the black display State. 
0.139. Thus, in the present embodiment, a high contrast 
black-and-white display image can be provided. Here, loSS 
of resolution when a monochrome image is displayed does 
not occur, and thus is not particularly problematic. 
0140) Further, by moving the colored particles from 
freely Selected regions of the regularly colored yellow, 
magenta and cyan colored layers at the back Substrate 62 to 
peripheries thereof in accordance with multi-color image 
information, the colors of the freely Selected regions colored 
yellow, magenta and cyan at the back Substrate 62 can be 
displayed. Moreover, by expressing individual color pixels 
by combinations of the regularly disposed yellow, magenta 
and cyan, arbitrary colors can be displayed. 
0141 Furthermore, because white display is imple 
mented by the white particles 18, whiteness of the white 
display is not Subject to flaws, and because black display is 
implemented by the black particles 20, the black display will 
not become gray. 
0142. When a multi-color image is displayed, the image 
display medium 60 relating to the present embodiment 
provides a brighter display than the image display medium 
50 described for the second embodiment. This is due to 
Spectral reflection characteristics of the color layerS formed 
at the back Substrate 62. The colored layer 64, combining 
yellow, magenta and cyan, formed at the back Substrate 62 
of the image display medium 60 provides greater amounts of 
reflected light than the colored layer 54 combining red, 
green and blue that is formed at the back Substrate 52 of the 
image display medium 50. 
0143) Fourth Embodiment 
0144) Next, a fourth embodiment of the present invention 
will be described. Parts that are the same as in the embodi 
ments described above are given the same reference numer 
als, and detailed descriptions thereof are omitted. 
014.5 FIG. 18 shows general structure of an image 
display medium 70 relating to the present embodiment. The 
image display medium 70 is Structured with the transparent 
display Substrate 12, a back Substrate 74, the Spacer 16, and 
the white particles 18 and the black particles 20. The display 
Substrate 12 is provided at a Side at which an image is 
displayed. The back Substrate 74 opposes the display Sub 
Strate 12 with a Small gap therebetween and is optically 
transmissive. The spacer 16, which is for fixedly maintain 
ing inter-Substrate spacing, and the white particles 18 and 
the black particles 20, whose charge characteristics are 
different, are enclosed between the display substrate 12 and 
the back Substrate 74. 

0146 The back Substrate 74 is structured with the glass 
substrate 22, the ITO electro-conductive layer 24, a white 
reflection layer 76 and the colored layer 54, which are 
laminated. The back Substrate 74 employs the glass substrate 
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22, on which the ITO electro-conductive film 24 is formed 
with a thickness of 1.1 mm. The white reflection layer 76, 
the whole face of which is printed with white printing ink, 
is formed on a side of the ITO electro-conductive film 24 
formed on the glass Substrate 22. Thereon, the colored layer 
54, which is printed with the regularly arranged Stripe shapes 
with inks for red, green and blue color filters as shown in 
FIG. 10 (colored layers 54R, 54G and 54B), is formed. In 
the present embodiment, the width of the stripes of each 
color is Set to 0.4 mm, and the Stripes are arranged in a 
repeating Sequence of red, green, blue. The white reflection 
layer 76 is formed more thinly than the white reflection layer 
26 in the embodiments described above, and features per 
meability to light. Here, the reflectance of the white reflec 
tion layer 76 is 50%. A white reflection layer need not be 
provided in the structure of the back Substrate 74; a colored 
layer having transparency may be provided alone. 
0147 An image display device 72 is structured with the 
image display medium 70, the Voltage application Section 
36, the electrode head 32 and a back light 78. The back light 
78 is disposed near to or abutting the back substrate 74 side 
of the image display medium 70. 
0.148. The electrode head 32 is the same as the electrode 
head 32 used in the first embodiment. The electrode head 32 
is Scanned along the display face of the image display 
medium 70 in the same manner as shown in FIG. 4. The 
Voltage application Section 36 applies Voltages between the 
isolated electrodes 38 of the electrode head 32 and the ITO 
electro-conductive film 24 of the back Substrate 74. The 
back light 78 has a structure which employs an ordinary cold 
cathode tube as a light Source, and implements uniform light 
irradiation to the whole face of a display region with a prism 
sheet. 

0149 An image display process of the image display 
medium 70 is the same as in the embodiments described 
above. A high contrast monochrome display can be imple 
mented by applying pulse voltages of +200 V and -200 V to 
the isolated electrodes 38 arbitrarily in accordance with 
image information. In addition, by applying alternating 
pulse voltages of +200 V at 200 Hz frequency to freely 
Selected isolated electrodes 38 of the electrode head 32 and 
connecting others of the isolated electrodes 38 to ground, the 
white particles 18 and black particles 20 at regions at which 
alternating pulse electric fields are effected can be moved to 
regions at which the alternating pulse electric fields are not 
effected. Thus, the colors of freely selected regions of the 
colored layer 54 (colored layers 54R, 54G and 54B) formed 
at the back substrate 74 can be displayed at the display 
Substrate 12 side. 

0150. Here, because the reflectance of the white reflec 
tion layer 76 formed at the back substrate 74 of the image 
display medium 70 is set to 50%, multi-color display is 
slightly darker than in the image display medium 50 
described for the second embodiment (in which the reflec 
tance of the white reflection layer 26 is 88%). However, in 
locations where the environment is bright, multi-color dis 
play can be provided without particular problems. 
0151. If the image display medium 50 and the image 
display medium 70, at which multi-color images are formed, 
are observed in a location where the Surroundings are dark, 
the image is darker for both thereof, and display quality is 
reduced. However, if the back light 78 is lit up, light is 
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transmitted through the back substrate 74 of the image 
display medium 70, and the multi-color image becomes 
brighter. Thus, a multi-color image of the image display 
medium 70 can be satisfactorily observed even in places 
where the environment is dark. 

0152 Fifth Embodiment 
0153. Next, a fifth embodiment of the present invention 
will be described. Parts that are the same as in the embodi 
ments described above are given the same reference numer 
als, and detailed descriptions thereof are omitted. 
0154 FIG. 19 shows a partially enlarged plan view of an 
image display medium 80 relating to the present embodi 
ment, as viewed from a display Substrate Side. Inter-Sub 
strate space of the image display medium 80 is divided into 
a plurality (four in FIG. 19) of cells 84 by a spacer 82. 
O155 For simplicity of explanation, the smallest pixel 
units of a display image are shown as pixels 86. In the 
present embodiment, the pixels 86 are disposed 6 by 6 in 
each of the cells 84. Other structures are the same as in the 
embodiments described above, and a display proceSS is also 
the same as in the embodiments described above. Accord 
ingly, descriptions thereof are omitted. 

0156. In this image display medium 80, because the 
inter-Substrate Space is divided into the cells, uneven distri 
bution of the particles can be prevented. When various multi 
color images were Successively re-written 50 times to the 
image display medium 80 using the electrode head 32, and 
thereafter displayed multi-color images were inspected, 
preferable multi-color images were being displayed. In 
contrast, when various multi-color images were Successively 
rewritten 50 times to an image display medium whose 
inter-Substrate Space was not divided into cells, and there 
after displayed multi color images were inspected, there was 
an unevenness of display, which was thought to be due to 
deviation of the particles. 

O157. In order to erase multi-color images, an alternating 
pulse voltage of +200 V at 200 Hz frequency was applied to 
the whole of display regions of these image display medi 
ums. Resultant uniformization of the distribution of particles 
in the image display medium which was not divided into 
cells took Several Seconds. In contrast, in the image display 
medium 80 whose inter-substrate space was divided into a 
plurality of cells, the distribution of particles could be made 
uniform in one Second or leSS. 

0158 Because movement of particles is limited to within 
the cells in a case in which the image display medium 80 
whose inter-Substrate Space is divided into cells is utilized, 
it is not necessary to effect an alternating electric field over 
the whole of the display region of the image display medium 
80 simultaneously when erasing a multi-color image. 
Accordingly, erasure of a multi-color image can be imple 
mented by effecting alternating electric fields Separately at 
the cell regions divided by the Spacer 82, using an image 
erasure apparatus which effects alternating electric fields to 
the cell regions Separately. For example, by employing an 
image erasure apparatus which has at least one erasure 
electrode whose form corresponds to an individual cell 
region and effecting alternating electric fields only at cell 
regions at which erasure of the multi-color image is 
required, the image can be Satisfactorily erased at the regions 
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at which the alternating electric field is effected. Here, there 
is no particular problem with effects on neighboring cell 
regions. 

0159. Thus, when the inter-substrate space of an image 
display medium is divided into a plurality of cells, devia 
tions of particles are limited to within the cells and, even if 
displays of multi-color images are implemented Succes 
Sively, the displayS can be implemented reliably. Further, 
erasure of multi-color imageS can be performed in a short 
time and, because an image erasure apparatus can effect 
alternating electric fields at the divided cells individually, a 
reduction in size of the image erasure apparatus is enabled. 
0160 Sixth Embodiment 
0.161 Next, a sixth embodiment of the present invention 
will be described. Parts that are the same as in the embodi 
ments described above are given the same reference numer 
als, and detailed descriptions thereof are omitted. 
0162 FIG. 20 shows a partially enlarged plan view of an 
image display medium 90 relating to the present embodi 
ment, as viewed from a display Substrate Side. Inter-Sub 
strate space of the image display medium 90 is divided into 
individual pixel rows, lined up along a direction transverse 
to an image writing direction (the direction of arrow A in the 
drawing) by a spacer 92. 
0163. In the present embodiment, the pixels 86 are dis 
posed as a single 1 by 12 row in each of the cells 84. Other 
Structures are the same as in the embodiments described 
above, and a display process is also the same as in the 
embodiments described above. Accordingly, descriptions 
thereof are omitted. 

0164. In this image display medium 90, because the 
inter-Substrate Space is divided into the individual pixel rows 
arranged along the direction transverse to the Scanning 
direction (image writing direction) of the electrode head 32, 
even if image display is performed Successively for pixels 
arranged in the Scanning direction of the electrode head 32, 
particles will not be returned, by image writing to a Subse 
quent pixel, to a pixel from which particles have already 
been moved aside, and an excellent multi-color image can be 
displayed with a Single Scan. 
0.165. In contrast, in a case in which image display is 
performed Successively for pixels arranged in the Scanning 
direction of the electrode head 32 in an image display 
medium in which the inter-Substrate Space is not divided into 
cells, particles will be returned, by image writing at a 
Subsequent pixel, to a pixel from which particles have 
already been moved aside, and there may be cases in which 
display quality of a multi-color image will be reduced. 
0166 Thus, because the inter-substrate space of the 
image display medium 90 is divided into the individual pixel 
rows arranged along the direction transverse to the image 
Writing direction, display of Successive multi-color images 
can be implemented reliably. Further, uniformization of 
particle distributions can be performed in a short time. 
Further yet, an excellent multi-color image can be displayed 
with just a single Scan of the electrode head 32. 

0167. Seventh Embodiment 
0168 Next, a seventh embodiment of the present inven 
tion will be described. Parts that are the same as in the 
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embodiments described above are given the same reference 
numerals, and detailed descriptions thereof are omitted. 
0169 FIG. 21 shows a partially enlarged plan view of an 
image display medium 94 relating to the present embodi 
ment, as viewed from a display Substrate Side. Inter-Sub 
Strate Space of the image display medium 94 is divided into 
individual pixel rows, lined up along the direction transverse 
to the image writing direction (the direction of arrow Ain the 
drawing) by a spacer 96, and each of the cells 84 is formed 
of three of the pixels 86 that form the smallest pixels of a 
multi-color display image. In other words, in the present 
embodiment, the individual cells 84 are 1 by 3 pixels 86. 
0170 A substrate at which the colored layer 54, at which 
red, green and blue are regularly arranged in the same way 
as in the Second embodiment, or the colored layer 64, at 
which yellow, magenta and cyan are regularly arranged in 
the same way as in the third embodiment, is formed can be 
employed at a back Substrate of the image display medium 
94. Furthermore, the three colors of the colored layer (red, 
green and blue or yellow, magenta and cyan) are disposed at 
positions that correspond to three pixels of the respective 
pixels 86, which are divided up into the units of 1 by 3 pixels 
by the spacer 96. Other structures are the same as in the 
embodiments described above, and a display proceSS is also 
the same as in the embodiments described above. Accord 
ingly, descriptions thereof are omitted. 
0171 Thus, because uneven distributions of particles can 
be prevented because of division into three-pixel sets by the 
spacer 96, Successive displays of multicolor images can be 
implemented more consistently than in the image display 
medium 80 described for the fifth embodiment. Moreover, 
during multi-color image erasure, particle distribution can 
be made uniform in a shorter time. Moreover again, as in the 
Sixth embodiment, an excellent multi-color image can be 
displayed by a Single pass of the electrode head 32. 
0172. Eighth Embodiment 
0173 Next, an eighth embodiment of the present inven 
tion will be described. Parts that are the same as in the 
embodiments described above are given the same reference 
numerals, and detailed descriptions thereof are omitted. 
0.174 FIG. 22 shows general structure of an image 
display medium 100 relating to the present embodiment. The 
image display medium 100 is structured with a transparent 
display substrate 102, the back Substrate 14, the spacer 16, 
and the white particles 18 and the black particles 20. The 
display Substrate 102 is provided at a Side at which an image 
is displayed. The back Substrate 14 opposes the display 
Substrate 12 with a Small gap therebetween. The Spacer 16, 
which is for fixedly maintaining inter-Substrate Spacing, and 
the white particles 18 and the black particles 20, whose 
charge characteristics are different, are enclosed between the 
display Substrate 12 and the back Substrate 14. 
0.175. The display Substrate 102 is structured with a glass 
substrate 104, an ITO electro-conductive layer 106, and a 
surface coating layer 108, which are laminated. The display 
substrate 102 employs the glass Substrate 104, on which the 
ITO electro-conductive layer 106 is formed with a thickness 
of 1.1 mm. The ITO electro-conductive layer 106 is formed 
by carrying out chemical etching using a photo-masking 
pattern, and includes pattern electrodes 106A, 106B and 
106C in the form of a pattern that is desired in accordance 
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with a display image. The Surface coating layer 108 is 
formed at the back Substrate 14 side of the ITO electro 
conductive layer 106 by coating a transparent polycarbonate 
resin to a thickness of 5 um. 
0176) The back Substrate 14 is the same as in the first 
embodiment. In the present embodiment, the ITO electro 
conductive layer 106 of the display substrate 102 is pat 
terned. However, the ITO electro-conductive film 24 of the 
back Substrate 14 may be patterned, or both the ITO electro 
conductive layer 106 of the display substrate 102 and the 
ITO electro-conductive film 24 of the back Substrate 14 may 
be patterned. 

0177 FIG. 23 shows an example of an electrode pattern 
of the ITO electro-conductive layer 106 that is formed at the 
display Substrate 102 of the image display medium 100. In 
this example, a text pattern with a letter Size of about 10 mm 
is formed. The pattern of each letter is formed as a Single 
electrode, and Voltage can be applied to each letter inde 
pendently. Regions other than a letter portion are completely 
covered with background electrodes having a Spacing of 
0.05 mm from the letter portion, and Voltages can be applied 
thereto Simultaneously. For example, in the case of the 
pattern electrodes 106A, 106B and 106C of the display 
substrate 102 shown in FIG. 22, a letter pattern electrode 
corresponds to the pattern electrode 106B, and the pattern 
electrodes 106A and 106C correspond to background elec 
trodes. Thus, a letter pattern display or an inverted display 
of the letter pattern display can be implemented. 

0178 FIG. 24 shows general structure of an image 
display device 110 which utilizes the image display medium 
100. The image display device 110 is structured with the 
image display medium 100 and the Voltage application 
section 36. The voltage application section 36 selectively 
applies dc voltage or ac Voltage between the pattern elec 
trodes 106A, 106B and 106C formed at the display substrate 
102 and the ITO electro-conductive film 24 of the back 
Substrate 14 in accordance with image information inputted 
from the external image input apparatus 34. 
0179 Next, an image display process of the image dis 
play medium 100 will be described. From the white display 
state shown in FIG. 24, first, the pattern electrodes 106A and 
106C of the display substrate 102 are connected to ground, 
and a pulse Voltage of -140 V is applied to the pattern 
electrode 106B. Consequently, at a region of the image 
display medium 100 that faces the pattern electrode 106B, 
the negatively charged white particles 18 move toward the 
back Substrate 14 side, and the positively charged black 
particles 20 move toward the display Substrate 102 side. 
Thus, excellent black display can be implemented. 
0180. Then, if a pulse voltage of +140 V is applied to the 
pattern electrode 106B, the white particles 18 and black 
particles 20 at the region facing the pattern electrode 106B 
move back in the opposite directions, and return from the 
black display state to the white display state shown in FIG. 
24. In the same way, by applying pulse Voltages of +140 V 
and -140 V arbitrarily to the letter pattern electrodes and the 
background electrodes in accordance with image informa 
tion, a high contrast monochrome image display can be 
implemented. 

0181. Next, the pattern electrodes 106A and 106C of the 
display Substrate 102 may be connected to ground, and an 
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alternating pulse voltage of +140 V at 200 Hz frequency may 
be applied to the pattern electrode 106B. Consequently, the 
white particles 18 and the black particles 20 are almost 
completely eliminated from the region facing the pattern 
electrode 106B, and the red color of the colored layer 28 
formed at the back substrate 14 can be satisfactorily 
observed from the display Substrate 102 side. Thus, when the 
pattern electrodes 106A and 106C (background electrodes) 
are connected to ground and an alternating pulse Voltage of 
+140 V at 200 Hz frequency is arbitrarily applied to the letter 
pattern electrodes in accordance with image information, an 
excellent red text image can be displayed. Further, erasure of 
the red text image can be implemented by applying an 
alternating pulse voltage of +140 V at 200 Hz frequency to 
all of the pattern electrodes 106A, 106B and 106C of the 
display Substrate 102. 
0182 Next, taking the uniform white display state shown 
in FIG. 24 as an initial display State, an alternating pulse 
voltage of +140 V at 200 Hz frequency can be applied to the 
pattern electrode 106B of the display Substrate 102 for 
various numbers of cycles. The final pulse Voltage of this 
alternating pulse Voltage is specified to be -140 V. Up to a 
Small number of cycles, a favorable black display is imple 
mented. AS the number of cycles is increased further how 
ever, density of the text gradually falls. When the number of 
cycles goes beyond 20 cycles, the particles are almost 
entirely eliminated and excellent red text is displayed. 
0183 Thus, in the image display device 110, by dic 
electric fields and/or low frequency alternating electric fields 
being effected between the Substrates of the image display 
medium 100 in accordance with image information, a high 
contrast display image can be provided by two kinds of 
particles, in the same way as in conventional image display 
mediums. Further, by applying alternating electric fields for 
large numbers of cycles in accordance with multi-color 
image information, the two kinds of colored particles can be 
moved to peripheries from freely Selected locations, and the 
color that the back Substrate is colored with can be dis 
played. 

0184 Ninth Embodiment 
0185. Next, a ninth embodiment of the present invention 
will be described. Parts that are the same as in the embodi 
ments described above are given the same reference numer 
als, and detailed descriptions thereof are omitted. 
0186 FIG. 25 shows general structure of an image 
display medium 120 relating to the present embodiment. The 
image display medium 120 is structured with a transparent 
display Substrate 122, a colored back Substrate 123, the 
spacer 16, and the white particles 18 and the black particles 
20. The display substrate 122 is provided at a side at which 
an image is displayed. The back Substrate 123 opposes the 
12 with a small gap therebetween. The spacer 16, which is 
for fixedly maintaining inter-Substrate Spacing, and the 
white particles 18 and the black particles 20, whose charge 
characteristics are different, are enclosed between the dis 
play substrate 122 and the back Substrate 123. 
0187. The display Substrate 122 is structured with a glass 
substrate 124, an ITO electro-conductive layer 126, and a 
Surface coating layer 128, which are laminated. The display 
substrate 122 employs the glass Substrate 124, on which the 
ITO electro-conductive layer 126 is formed with a thickness 
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of 1.1 mm. The surface coating layer 128 is formed at the 
back substrate 123 side of the ITO electro-conductive layer 
126 by coating a transparent polycarbonate resin to a thick 
neSS of 5 um. 
0188 In the same way as in the second embodiment, the 
back Substrate 123 employs a glass substrate 132, on which 
an ITO electro-conductive layer 130 is formed with a 
thickness of 1.1 mm. A white reflection layer 134, the whole 
face of which is printed with white printing ink, is formed 
on a side of the ITO electro-conductive layer 130 formed on 
the glass substrate 132. Thereon, the colored layer 54, which 
is printed with the regularly arranged Stripe shapes with the 
inks for red, green and blue color filters as shown in FIG. 10 
(colored layers 54R, 54G and 54B), is formed. 
0189 In the present embodiment, patterning of the ITO 
electro-conductive layer 130 of the back substrate 123 is 
performed, and electrode groups 130A, 130B and 130C are 
formed in correspondence to the Smallest pixels of a display 
image. More specifically, the forms of the electrode groups 
130A, 130B and 130C are 0.38 mm by 0.38 mm square 
shapes with a pitch for each electrode of 0.4 mm. Voltages 
can be applied to each of the electrodes independently. The 
width of the stripes of the colored layers 54R, 54G and 54B 
is set to 0.4 mm, and the colored layers 54R, 54G and 54B 
are disposed in correspondence with the electrode groups 
130A, 130B and 130C. 
0.190 FIG. 26 shows general structure of an image 
display device 136 which utilizes the image display medium 
120. The image display device 136 is structured with the 
image display medium 120 and the Voltage application 
section 36. The voltage application section 36 selectively 
applies dc voltage and/or ac Voltage between the ITO 
electro-conductive layer 126 of the display Substrate 122 and 
the electrode groups 130A, 130B and 130C formed at the 
back Substrate 123 in accordance with image information 
inputted from the external image input apparatus 34. 
0191 Next, an image display process of the image dis 
play medium 120 will be described. In the same manner as 
in the eighth embodiment, a dc electric field or alternating 
electric field is effected between the Substrates of the image 
display medium 120 in accordance with image information, 
Such that a high contrast monochrome display image can be 
provided by the white particles 18 and the black particles 20. 
Here, loss of resolution when a monochrome image is 
displayed does not occur, and thus is not particularly prob 
lematic. 

0.192 Further, by effecting alternating electric fields for 
large numbers of cycles between the Substrates of the image 
display medium 120 in accordance with multi-color image 
information, the white particles 18 and black particles 20 are 
moved from freely selected locations of the colored layers 
54R, 54G and 54B, which are provided regularly at the back 
substrate 123, to peripheries thereof. Thus, arbitrary colors 
of red, green and blue can be displayed. 
0193 Here, an arbitrary color can be displayed by 
expressing a single color pixel by moving the particles at a 
freely Selected combination of colored layers of the regu 
larly disposed colored layers 54R, 54G and 54B to the 
peripheries and thus displaying those colored layers at the 
display Substrate 122 side. 
0194 Because, in the image display medium 120, white 
display is implemented by the white particles 18, whiteness 
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of the white display is not Subject to flaws, and because 
black display is implemented by the black particles 20, the 
black display will not become gray. 
0.195. In a case in which a monochrome image is to be 
displayed mixedly with a multi-color image, the dc electric 
fields or low cycle number alternating electric fields for 
displaying the monochrome image and the high cycle num 
ber alternating electric fields for displaying the multi-color 
image may be effected between the Substrates of the image 
display medium 120 at respective regions of the mono 
chrome image display and the multi-color image display at 
the same time. Thus, the monochrome image and the multi 
color image can be mixedly displayed. 
0196. If the monochrome image and the multi-color 
image are thus displayed at the same time, the monochrome 
image display may deteriorate at boundary portions between 
monochrome image display portions and multi-color image 
display portions, due to effects of the alternating pulse 
electric fields for displaying the multi-color image. 
0197). In such a case, first the dc electric fields or low 
cycle number alternating electric fields can be effected 
between the Substrates of the image display medium 120 in 
accordance with monochrome image information to imple 
ment display of the monochrome image, and Subsequently 
the high cycle number alternating electric field can be 
effected in accordance with multi-color image information 
to implement display of the multi-color image. Thus, display 
noise of the monochrome image display and display dete 
rioration at boundary portions between the monochrome 
image display portions and the multi-color image display 
portions can be reduced. 
0198 Erasure of a multi-color display image can be 
implemented by applying a high cycle number alternating 
pulse voltage to all of the electrode groups 130A, 130B and 
130C of the back Substrate 123. Moreover, when multi-color 
displays are to be Successively implemented, display of a 
Succeeding multi-color image may be implemented without 
a previous multi-color image having been erased. Here, the 
inter-Substrate Space of the image display medium 120 in the 
present embodiment is divided into a plurality of cells by the 
spacer 16. Therefore, deviations of the particles are limited 
to within the cells and, even if displays of multi-color 
images are implemented Successively, display can be imple 
mented reliably. Moreover again, erasure of multi-color 
images can be performed in a short time and, even if the 
image display device applies alternating pulse Voltages at 
the divided cell regions individually, the multi-color images 
can be excellently erased. 
0199 Tenth Embodiment 
0200 Next, a tenth embodiment of the present invention 
will be described. Parts that are the same as in the embodi 
ments described above are given the same reference numer 
als, and detailed descriptions thereof are omitted. 
0201 FIG. 27 shows general structure of an image 
display medium 140. The image display medium 140 is 
Structured with a transparent display Substrate 142, a colored 
back substrate 144, the spacer 16, and the white particles 18 
and the black particles 20. The display Substrate 142 is 
provided at a Side at which an image is displayed. The back 
substrate 144 opposes the display substrate 12 with a small 
gap therebetween. The Spacer 16 is for fixedly maintaining 
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inter-substrate spacing. The white particles 18 and the black 
particles 20, whose colors and charge characteristics are 
different, are enclosed between the Substrates. Although not 
shown in the drawing, the inter-Substrate Space of the image 
display medium 140 is divided into each of pixel rows along 
a direction transverse to an image writing direction, and into 
units of three of pixels that form the smallest pixels of a 
multi-color image display, by the Spacer 16. 
0202) The image display medium 140 employs a glass 
substrate 148, on which an ITO electro-conductive layer 146 
is formed to a thickness of 1.1 mm, as the display Substrate 
142. The ITO electro-conductive layer 146 is subjected to 
patterning, and thus linear electrodes 146 are formed as 
shown in FIG. 28A. The linear electrodes 146 correspond to 
units of pixel rows in a vertical direction of a display image, 
and are specifically formed with a width of 0.38 mm and a 
pitch of 0.4 mm. A surface coating layer 150 is formed at the 
back substrate 144 side of the ITO electro-conductive layer 
146 by coating a transparent polycarbonate resin to a thick 
neSS of 5 um. 
0203 Similarly to the display substrate 142, the back 
substrate 144 employs a glass Substrate 154, on which an 
ITO electro-conductive layer 152 is formed to a thickness of 
1.1 mm. The ITO electro-conductive layer 152 is subjected 
to patterning, and thus linear electrodes 152 are formed as 
shown in FIG. 28B. The linear electrodes 152 correspond to 
units of pixel rows in a horizontal direction of the display 
image, and are formed specifically with a width of 0.38 mm 
and a pitch of 0.4 mm. 

0204. The linear electrodes 146 formed at the display 
Substrate 142 and the linear electrodes 152 formed at the 
back Substrate 144 are disposed Such that the linear elec 
trodes 146 and the linear electrodes 152 intersect when the 
image display medium 140 is formed. 

0205. In the back Substrate 144, similarly to the third 
embodiment, a white reflection layer 156 is formed on the 
ITO electro-conductive layer 152, and colored layers 158Y, 
158M and 158C, which are regularly arranged stripe shapes 
applied with inks for yellow, magenta and cyan color filters, 
are formed on the white reflection layer 156. 
0206. The colored layers 158Y, 158M and 158C are 
formed so as to face the linear electrodes 146 formed at the 
display Substrate 142. The width of each stripe is set to, for 
example, 0.4 mm with a pitch of 0.4 mm. The white 
reflection layer 156 is formed to be thin, having permeability 
to light. Here, reflectance of the white reflection layer 156 is 
about 50 per cent. No white reflection layer need be formed 
at the back substrate 144, and it is sufficient to provide the 
optically transmissive colored layers. The colored layers 
158Y, 158M and 158C formed by the back substrate 144 
may be formed to run along the linear electrodes 152 formed 
at the back Substrate 144. 

0207 FIG. 29 shows general structure of an image 
display device 160 which utilizes the image display medium 
140. The image display device 160 is structured with the 
image display medium 140, the Voltage application Section 
36 and a back light 162. The back light 162 is disposed near 
to or abutting the back Substrate 144 side of the image 
display medium 140. The voltage application section 36 
Selectively applies dc voltage or ac Voltage between the 
linear electrodes 146 of the display substrate 142 and the 
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linear electrodes 152 formed at the back Substrate 144 in 
accordance with image information inputted from the exter 
nal image input apparatus 34. The back light 162 is similar 
to the back light described for the fourth embodiment. 
0208 Next, an image display process of the image dis 
play medium 140 will be described. As shown in FIG. 30, 
the image display medium 140 has a simple matrix driving 
type structure, in which the linear electrodes 146 formed at 
the display Substrate 142 and the linear electrodes 152 
formed at the back Substrate 144 are disposed so as to 
interSect one another. In Simple matrix driving, an image 
writing Voltage (Scanning voltage) is applied Sequentially to 
the linear electrodes in one direction. At the same time, an 
image writing Voltage (image signal voltage) is applied to 
the linear electrodes in the other direction, in accordance 
with image information. 
0209. In the present embodiment, the scanning voltage is 
applied to the linear electrodes 152 of the back substrate 
144, and the image Signal Voltage is applied to the linear 
electrodes 146 of the display substrate 142. A scanning 
direction of the Scanning Voltage applied to the linear 
electrodes 152 of the back Substrate 144 is set to the 
direction of arrow A shown in FIG. 30. 

0210 Firstly, a scanning voltage Vron is applied to a first 
linear electrode 152A of the back Substrate 144, and the 
other linear electrodes 152 are connected to ground. At the 
Same time as this, in accordance with image information that 
corresponds to the first linear electrode 152A of the back 
Substrate 144, an image signal voltage Vcon is applied to the 
linear electrodes 146 of the display substrate 142 that are in 
an image portion, and the linear electrodes 146 of the display 
Substrate 142 that are in a non-image portion are connected 
to ground. Consequently, an image can be displayed at a 
pixel row corresponding to the first linear electrode 152A of 
the back Substrate 144. 

0211 Next, the scanning voltage Vron is applied to a 
Second linear electrode 152B of the back Substrate 144, and 
the other linear electrodes 152 are connected to ground. At 
the same time as this, in accordance with image information 
that corresponds to the second linear electrode 152B of the 
back Substrate 144, the image Signal Voltage Vcon is applied 
to the linear electrodes 146 of the display substrate 142 that 
are in an image portion, and the linear electrodes 146 of the 
display Substrate 142 that are in a non-image portion are 
connected to ground. Consequently, an image is displayed at 
a pixel row corresponding to the Second linear electrode 
152B of the back substrate 144. Thereafter, this is repeated 
sequentially until the last of the linear electrodes 152 of the 
back Substrate 144, and a desired image can be displayed. 
0212 For example, if a pixel at an intersection point 164 
of the second linear electrode 152B of the back Substrate 144 
and a linear electrode 146B of the display Substrate 142 is to 
be displayed, a Voltage Vcon-Vron is applied to the pixel 
of the interSection point 164, and an image is displayed. At 
this time, besides the interSection point 164, the Voltage 
-Vron is Simultaneously applied to the pixel row along the 
Second linear electrode 152B of the back Substrate 144, and 
the Voltage Vcon is simultaneously applied to the pixel row 
along the linear electrode 146B of the display Substrate 142. 
Accordingly, it is a prerequisite condition for carrying out 
the Simple matrix driving that the particles are not moved So 
as to display an image by a Voltage of either Vcon or -Vron. 
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0213 FIG. 31 shows a relationship between voltage 
applied to the image display medium 140 employed in the 
present embodiment and display density (reflection density). 
These image display density results are from a case in which 
all of the linear electrodes 152 of the back Substrate 144 
were connected to ground and pulse Voltages were applied 
to all of the linear electrodes 146 of the display substrate 
142. 

0214) Measurement of the image display density (reflec 
tion density) was carried out with an X-RITE 404 (manu 
factured by X-Rite). As is clear from FIG. 31, in a case in 
which black display is to be implemented at the image 
display medium 140 from a white display state, the display 
is not implemented until the Voltage reaches and goes 
beyond about -60 V. Further, in a case in which white 
display is implemented from a black display State, the 
display is not implemented until the Voltage is reaches and 
goes beyond about +60 V. Accordingly, when, for example, 
a black display is to be implemented from a white display 
State, a pulse Voltage of +60 V is applied as the Scanning 
Voltage Vron, and a pulse Voltage of -60 V is applied as the 
image Signal Voltage Vcon. Thus, a monochrome display 
image can be provided by the white particles 18 and the 
black particles 20. 

0215. In a case of displaying a multi-color image, an 
alternating pulse voltage of +60 V at 200 Hz frequency is 
applied for 20 cycles as the Scanning Voltage Vron, and an 
alternating pulse voltage of +60 V at 200 Hz frequency, with 
a phase difference from the scanning voltage Vron of 180, 
is applied for 20 cycles as the image Signal Voltage Vcon. 
Consequently, the white particles 18 and the black particles 
20 can be moved from freely selected locations of the 
colored layers 158Y, 158M and 158C, which are regularly 
disposed at the back Substrate 144, to peripheries thereof in 
accordance with image information, and arbitrary colors of 
yellow, magenta and cyan can be displayed. By expressing 
a single pixel by combining arbitrary colored layers of the 
regularly arranged colored layers 158Y, 158M and 158C, 
arbitrary colors can be displayed. 

0216) The inter-substrate space of the image display 
medium 140 is divided by the spacer 16 into pixel rows 
along the direction transverse to the image writing direction 
(the direction of arrow A in the drawings), in the same way 
as in FIG. 20 or FIG. 21, that is, correspondingly with the 
linear electrodes 152 formed at the back Substrate 144. 
Therefore, even if multi-color display is carried out at 
Successive pixels along the image writing direction (the 
Scanning direction), a satisfactory multi-color image can be 
displayed in a Single Scan without the colored particles being 
moved back again, by image writing of Subsequent pixels, to 
pixels from which the colored particles have already been 
moved aside. 

0217. In the image display medium 140, because white 
display is implemented by the white particles 18, whiteness 
of the white display is not Subject to flaws, and because 
black display is implemented by the black particles 20, the 
black display will not become gray. Moreover, resolution of 
a monochrome display image is not reduced. Further, 
because the reflectance of the white reflection layer 156 
formed at the back Substrate 144 is set to 50%, a multi-color 
image displayed at the image display medium 140 is slightly 
darker than in the image display medium 60 described for 
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the third embodiment (in which the reflectance of the white 
reflection layer is 88%). However, in locations where the 
environment is bright, multi-color display can be provided 
without particular problem. In a location where the envi 
ronment is dark, the image is darker, and display quality is 
reduced. However, when the back light 162 is lit up, light 
from the back light is transmitted through the optically 
transmissive back Substrate 144, and the multi-color image 
can be displayed more brightly. 
0218 Erasure of the multi-color display image can be 
implemented by, for example, connecting all of the linear 
electrodes 152 of the back Substrate 144 to ground and 
applying a large cycle number alternating pulse Voltage to all 
of the linear electrodes 146 of the display Substrate 142. 
Here, because the inter-Substrate Space of the image display 
medium 140 is divided into the plurality of cells by the 
Spacer 16 in the present embodiment, erasure of the multi 
color image can be implemented in a short time. Further, 
because the present embodiment is divided by the spacer 16 
between individual pixel rows arranged along the direction 
transverse to the image writing direction, that is, along the 
respective linear electrodes 152 of the back substrate 144, 
erasure of the multi-color image can be implemented for the 
individual linear electrodes 152 of the back Substrate 144. 

0219. When multi-color displays are to be successively 
implemented, display of a Succeeding multi-color image can 
be implemented without erasing a previous multi-color 
image. Here, because the inter-Substrate Space of the image 
display medium 140 in the present embodiment is divided 
into a plurality of cells, deviations in distribution of the 
colored particles are limited to within the cells and, even if 
displays of multi-color images are implemented Succes 
Sively, display can be implemented reliably. 
0220. The present invention has the effect that a multi 
color display can be implemented for a number of colors 
equal to or greater than a number of colors of particles, and 
a loSS of resolution of images can be avoided. 
What is claimed is: 

1. An image display medium comprising: 
a display Substrate which is at least capable of transmit 

ting light; 
a back Substrate opposing the display Substrate with a gap 

therebetween; and 
at least one kind of particle group differing in color from 

the back Substrate and being Sealed between the Sub 
Strates So as to be movable between a plurality of 
divisions, into which plurality of divisions inter-Sub 
Strate Space between the display Substrate and the back 
Substrate is divided, in accordance with electric fields 
formed by Voltages applied between the Substrates at 
the respective divisions. 

2. The image display medium of claim 1, wherein the at 
least one particle group comprises a plurality of kinds of 
particle group which differ in color and electroStatic charge 
characteristics. 

3. The image display medium of claim 1, wherein, at at 
least one of the plurality of divisions, color of the back 
Substrate differs from color of the back Substrate at another 
of the plurality of divisions which is adjacent to the one of 
the plurality of divisions. 

4. The image display medium of claim 1, further com 
prising electrodes at the display Substrate and the back 
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Substrate, which electrodes apply Voltages for generating the 
electric fields, at least the electrode provided at the display 
Substrate comprising a transparent electrode. 

5. The image display medium of claim 2, wherein the 
plurality of kinds of particle group comprises a white 
particle group and a black particle group. 

6. The image display medium of claim 3, wherein colors 
of the back Substrate at the various divisions include red, 
green and blue. 

7. The image display medium of claim 3, wherein of the 
back Substrate at the various divisions include yellow, 
magenta and cyan. 

8. The image display medium of claim 4, wherein at least 
one of the electrode at the display Substrate and the electrode 
at various the back Substrate comprises an isolated electrode 
grOup. 

9. The image display medium of claim 4, wherein the 
electrodes comprise a plurality of linear electrodes, a linear 
electrode provided at the display Substrate and a linear 
electrode provided at the back Substrate being respectively 
disposed So as to interSect one another. 

10. The image display medium of claim 7, further com 
prising a Spacer for partitioning the inter-Substrate Space into 
cells that include portions of the plurality of divisions. 

11. The image display medium of claim 8, wherein the 
back Substrate is translucent. 

12. The image display medium of claim 10, wherein 
portions of the back Substrate respectively corresponding to 
the plurality of divisions comprise rectangular shapes, the 
plurality of divisions neighboring one another at respective 
long Sides thereof, and the Spacer partitions the inter 
Substrate Space Such that the cells are formed in a direction 
interSecting a direction of the long Sides. 

13. The image display medium of claim 11, further 
comprising a back light which radiates light from an outer 
side of a face of the back substrate towards the display 
Substrate. 

14. The image display medium of claim 12, wherein the 
cells include portions of the plurality of divisions in which 
the divisions respectively differ in color of the back Sub 
Strate. 

15. An image writing device comprising a voltage appli 
cation apparatus which applies Voltages for Selectively gen 
erating at least one of dc electric fields and ac electric fields 
at respective divisions of an image display medium which 
includes: 

(i) a display Substrate which is at least capable of trans 
mitting light; 

(ii) a back Substrate opposing the display Substrate with a 
gap therebetween; and 

(iii) at least one kind of particle group differing in color 
from the back Substrate and being sealed between the 
Substrates so as to be movable between a plurality of 
the divisions, into which plurality of divisions inter 
Substrate Space between the display Substrate and the 
back Substrate is divided, in accordance with electric 
fields formed by voltages applied between the Sub 
Strates at the respective divisions, 

wherein the image writing device generates the at least 
one of dc electric fields and ac electric fields for moving 
the particles in the inter-Substrate Space. 
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16. The image display medium of claim 15, wherein the 
Voltage application apparatus comprises a plurality of elec 
trodes disposed in a linear form, the Voltage application 
apparatus applying the Voltages for generating the electric 
fields while moving, relative to the image display medium, 
parallel to a face of the display Substrate and at an outer Side 
of the face of the display substrate. 

17. The image display medium of claim 15, wherein, for 
implementing multi-color image display with colors of the 
particle group and the back Substrate, 

the Voltage application apparatus applies Voltages in 
accordance with image information So as to form at 
least one of dc electric fields and, for a first predeter 
mined number of cycles, ac electric fields, for moving 
the particles in a direction interSecting a face of the 
display Substrate, and then 
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the Voltage application apparatus applies Voltages in 
accordance with the image information So as to form ac 
electric fields for a Second predetermined number of 
cycles, which is higher than the first predetermined 
number of cycles, for moving the particles in a direc 
tion parallel to the face of the display Substrate. 

18. The image display medium of claim 17, further 
comprising an image erasure apparatus which applies alter 
nating Voltage to all of the divisions that are included in at 
least one of cells, for erasing a display image that is 
displayed at Said at least one cell. 


